This study investigated the use of a product based on yacon (PBY) in microbiological, physical-chemical and intestinal characteristics of Wistar rats artificially constipated with Loperamide®. Thirty-two rats were divided into four groups: Control (C), Constipated Control (CC), PBY (not constipated) and Constipated PBY (PBYC). The dosage of 0.14 g of FOS+ inulin/kg was tested. Microbiota, pH and faeces characteristics of faeces and caecal contents were evaluated. Caecal weight, morphometry of caecal villi and the concentration of short-chain fatty acids were determined. Higher caecal weight was identified in the PBYC animals as well as higher width, height and depth of cripts. The PBY group showed the highest (p < 0.05) concentration of butyrate (93.2 ± 65.5 mmol/L). The supplementation with PBY positively altered the intestine epithelial tissue in constipated animals, keeping the integrity of the caecum crypts.
Introduction
Prebiotics are non-digestible food components that beneficially affect the host due to the selective stimulation of the proliferation and/or the activities of de-most commercially exploited sources of FOS/inulin, and the isolated compounds are added into food products or marketed as nutraceuticals.
The yacon (Smallanthus sonchifolius) is one of the richest sources of FOS and inulin in nature. Together, these ingredients are equivalent to about 10% to 14% of dry matter [15] [16] in this tuberous root which is a tuberous root that belongs to the Asteraceae family and that is originally grown in the Andes. In Brazil, its cultivation began in the 1990s [13] [17] . Since they are a source of FOS and inulin, the roots or their by-products can potentially be used as a source of prebiotics in the diet. The yacon is distinguished by its high water content, which can exceed 90% (wet weight) [18] . This characteristic makes the root highly perishable. Thus, it is of utmost importance to develop products that can reduce this perishability, enabling this excellent source of prebiotic available throughout the year, since this crop is seasonal.
The consumption of moderate amounts of yacon roots or their products has been shown to be related to the reduction of glicemia [19] [20] and triacylglycerols levels [21] , protective effect on experimental colon carcinogenesis [22] , increase in the absorption of calcium, and magnesium [7] [23] , and to the decreasing symptoms of intestinal constipation [19] [23] .
Constipation is a condition characterized by polysymptomatic manifestations that may interfere variously on colonic and anorectal functions. Its prevalence ranges from 15% to 32% in the adult population; however, it reaches every age [26] . It is a functional condition and may be a consequence of intestinal dysbiosis. This in balance causes a deficit in the SCFA production, including butyrate, which appears to be connected to the intestinal motility of the intestinal mucosa [27] . Additionally, there may be an increase in moisture stool due to the greater absorption of water and salts [28] .
This study evaluated the modulation of constipation in an induced murine model. Wistar rats were induced to the condition with loperamide and treated with a product based on yacon (PBY), a source of the prebiotics FOS and inulin.
Microbiological, physicochemical, and morphological variables were analyzed, as well as the characteristics of the caecum.
Material and Methods

Prebiotic (PBY) Composition and Gavage Preparation
The PBY was processed according to the methodology proposed by Rodrigues, 2011 [20] and application for a patent (PI 1106621-0) has been submitted. The components determined were: moisture content, total carbohydrates, total lipids, ashes, protein (factor for conversion 6.25), according to Association of Official Analytical Chemists, 1997 [29] . Soluble sugars (glucose, sucrose, fructose) and fructans were determined as described by Lobo et al., 2007 (12) . The gavage solution of PBY was prepared weekly. To prepare the PBY, the weight of rats from the groups PBY and PBYC was averaged out weekly in order to calculate the gavage solution. From this data it was calculated the amount of FOS and inulin per kilogram body weight and it was calculated the amount of PBY required to provide the daily dose of the prebiotic to be administered. The PBY was diluted in deionized water and this solution was given to the animals daily.
Animals and Diets
Thirty-two male, 45-day-old Wistar rats were obtained from the experimental animal house at the Universidade Federal de Viçosa, Minas Gerais, Brazil). The animals were housed individually in appropriate cages with proper ventilation, 12 hours luminosity cycles (light/dark) and an average temperature of 22˚C.
They received Purina® commercial ration during the whole period of the study and then separated into four groups, as shown in Figure 1 .
[Phase I-Induction: lasts 5 days]: Intestinal constipation was induced with loperamide ® . The compound was resuspended in 0.9% of sodium chloride, and managed through gavage in two periods of the day (8 a.m. and 4 p.m.) during 5
days [30] .
[Phase II:-treatment: lasts 28 days]: The amount of administered FOS/inulin (PBY) was based on a study from Genta et al. [19] . The solution containing PBY was administered (gavage) daily at 8 a.m and was calculated on the basis of the weekly average weight of each group, diluted in deionized water. Weight and the food consumption of these the animals were monitored weekly. Weight gain was determined by the difference between final and initial weight and the Coefficient of Alimentary Effectiveness (CEA) was calculated according to the formula: CEA = (weight gain/total food consumption). Phase II lasted 28 days. The animals were euthanized by CO 2 inhalation at the end of the study, after 12 hours of fasting. The caecal content and total faeces were removed and stored in sterile plastic bags at −80˚C. The organ was then weighed and washed with phosphate buffer (PBS) and fixed through the immersion in 10% paraformaldehyde in PBS 0.1 M, at room temperature, for 24 hours. After this period, the organ was transferred to a solution of absolute ethanol (70%) for maintenance up to the time of processing for histological analysis. The relative weight (RW) of the caecum was calculated as the ratio between the caecal weight and the weight of the animal.
Faecal Score
This evaluation was done through the visual observation of the faeces, and score determination on a scale 1 to 5: score 1-hard faeces, dehydrated with small, dry pellets; score 2-hard, dry, firm and well formed faeces; score 3-soft, well formed, humid faeces with its original format; score 4-soft faeces without a format; score 5-liquid faeces [31] . The visual observation was carried out on the last day of constipation induction and on the last PBY consumption day.
Microbiological and pH Analyses
Microbiological counts (log 10 UFC g 
Histological Analysis
Samples were prepared as indicated previously [35] In short, caecum and large intestine fragments were removed and fixed in formalin. After dehydration in ethanol of increasing gradient, the material was diaphanized in xylol and included in paraffin. Histological slides prepared with 7 µm thickness using a rotating microtome (Olympus America Inc. CUT4055), then dyed with hematoxylin and eosin.
The images of these histological slides were captured with an 10× objective.
The following measures were taken with the Pro-Plus® Image Analysis Software system, Version 4.5 (Media Cybernetics):
• Crypt height: ten random fields were chosen per animal. At least 30 villi for each experimental group were measured. Only villi with defined epithelium and visible conjunctives were chosen.
• Crypt width: in the same villi used in the height analysis, the width was measured with the average point of the villi.
• Depth of the crypts: the same villi were measured depth considering that the base and the apex of the crypts were visible.
Analysis of Short Chain Fatty Acids
The analyses of short-chain fatty acids were performed in duplicate, as proposed by Smiric-ktjardes et al. [36] . Standard solutions were made diluting stock solutions of acetic acid, propionic and butyric. Each solution was injected into the chromatograph to obtain the curves correlating peak area to the concentration of acid in the solution. The volume of 1 μL of each sample was injected with the aid of syringe 10 μL in Splitless system. Each acid present was identified and quantified by comparison with the retention times and concentrations of the fatty acids in the standard solutions. The calculations were made by microcomputer coupled to gas chromatography system equipped with the GC program Solution. 
Ethics Committee
Statistical Analysis
The Kolmogorov-Smirnov test was used to evaluate the distribution of the variable. Based on the test results, either parametric or nonparametric test were performed. Analysis of variance (ANOVA) was chosen for comparisons between three or more independent groups that displayed normal distribution. In situations with any significant difference, the post-hoc Tukey test was carried out in order to identify which groups differed. For the groups that did not present normal distribution, Kruskall-Wallis test and Dunn's post hoc tests were used.
The level of rejection of the null hypothesis was 0.05% or 5%.
For data analyses, the SAS [Statistical Analysis System-SAS Institute Inc., Cary, NC, USA], version 20.9, licensed to UFV, was used.
Results
PBY Composition
The prebiotic evaluated throughout this study carried in 100 g the following 
Faecal Score
The values of faecal score at the end of the induction phase (5 days) of constipation are shown in Table 1 and that after the treatment period (28 days), Table 2 .
The faeces from animals maintained with control diet fall into scores 2 and 3, while for those not constipated with PBY, the scores were 3 and 4. One animal from the constipated group (CC) not receiving PBY, showed very hard, dry faeces while none from the constipated group receiving PBY had faeces with this Scores* score 1-hard faeces, dehydrated with small, dry pellets; score 2-hard, dry, firm and well formed faeces; score 3-soft, well formed, humid faeces with its original format; score 4-soft faeces without a format; score 5-liquid faeces [31] . Treatments: **C (not constipated, normal diet); PBY (not constipated, diet with PBY)), CC (constipated, normal diet without PBY) and PBYC (constipated , diet with PBY).
score. Another important observation is that none of the subjects presented score 5 (diarrhea), an undesirable effect.
Animal Weight, Weight Gain, Food Consumption, Coefficient of Alimentary Effectiveness (CEA), Faecal and Caecal pH, Caecal Weight and Relative Weight of Caecum
Data regarding animal weight, weight gain, food consumption, CEA, pH of faeces and caecal content, and relative weight of caecum are indicated in Table   3 .
Animal weight, weight gain, feed intake, CEA and the caecal pH values were similar among groups (p > 0.05). The total faecal pH was higher in CC and PBY compared to the control (not constipated group). The caecal weight was lower (p < 0.05) in the PBY group.. The relative weight of the caecum was lower (p < 0.05) in the animals from PBYC than in the groups C and PBY. The moisture content of feces was higher for the groups that received the PBY.
Faeces Bacterial Counts
The quantification of microbial groups is indicated in Table 4 .
Morphometry of Intestinal Villus
Height, width and depth [µm] of the crypts of the cecum of the animals from different groups after 28 days treatment, are indicated in Table 5 .
Comparing the variables in the constipated groups, PBYC measurements are higher (p < 0.05) than CC, indicating the impact of the prebiotic in the protection of caecum epithelium (Figure 2 ).
Short Chain Fatty Acids
The quantification of short chain fatty acids is indicated in Table 6 .
The only difference detect is related to butyric acid. Group PBY presented higher values than the constipated animals without prebiotic treatment (CC).
M. de Souza Lima Sant'Anna et al. 4 .69 a C = control (normal diet, not constipated); CC = constipated control (normal diet); PBY = PBY diet, not constipated; PBYC = PBY diet, constipated; FT = total faeces; CCe = caecal content. n = 8. Significance (p < 0.05); average followed by the same lower case letter in the column do not differ from others according to Tukey test. 
Discussion
Constipation is a functional gastrointestinal disorder affecting the general population in all stages of life. It is increasing around the world and has been considered a chronic condition of the modern world [24] [25] [26] . Besides, because it is a condition very frequently characterized by a microbial dysbiosis and thus, leading to more severe diseases; it must be avoided/treated to ensure health betterment. Considering this, it is important the search for new tested natural functional products able to decrease risk and or treat this condition. The yacon based product (PBY), a rich source of the prebiotic FOS/inulin was herein evaluated for modulation of the induced constipation, in a murine model. Loperamide was used as inducer of constipation. This compound is a model inducer of the condition through the mechanism of inhibiting water secretion and peristalsis [37] .
The condition was successfully achieved through evaluation of the animal's faecal scores. Thus, faecal score was determined in order to evaluate: 1) the induction of constipation with loperamide and 2) the PBY effect in modulating such The reduced amount of faeces in the format of hard dehydrated pellets/ hard, dry pellets scoring 1 and 2, respectively, confirmed the constipation of the animals before treatment (Phase I, induction). The intervention with PBY was efficient in reducing and or eliminating the condition and confirmed with the scores averaged 3/4 of the treated animals (PBYC) after 28 day intervention (Phase II, intervention). In this group, none of the animals were scored 1 ( Table   1 and Table 2) .
No difference was found on the weight, feed intake or feed efficiency ratio of animals belonging to the different groups studied (P > 0.05). Similar study with rats [38] indicated that a diet supplemented with FOS did not affect body weight and food intake of the animals. Water retention capacity refers to the ability to retain water in the food matrix and fibers from fruits and vegetables tend to bind more water than cereal fibers. It is known that dietary components with a large water retention capacity would have an effect on the generation of faeces volume [2] . Indeed, because inulin and fructooligosaccharide molecules are soluble in water and rich in hydroxyl groups, they exert an osmotic action seen in a laxative effect observed when high doses are ingested [10] . The laxative effect of fructan prebiotics was demonstrated in a study with eight subjects under a diet containing 15 g of oligofructose for 45 days. This ingested, amount significantly increased the average fecal weight (136 g -154 g) of the group [10] . In the present study, 100% of the PBY treated subjects presented total fecal scores of 3 or 4 (dry, well formed and humid faeces, respectively) while 7 out of 8 (87.50%) of the animals from the constipated group receiving the prebiotic (PBYC) were maintained in a similar range of the untreated group (PBY) ( Table 2) , emphasizing the functional effect of the prebiotic in decreasing the modulation of the constipation.
It is worth mention that the abnormal condition of constipation, generally correlates to microbial dysbiosis. Different microbial counts were evaluated in total faeces and in caecal content (Table 4) . Shortly after the induction of constipation, there was no significant difference between the counts of the microbial groups of constipated and non-constipated animals (data not shown). At 28 days of treatment (phase II), it was found a significant lower count (p < 0.05) for
Bacteroides spp in total faeces from the PBY group when compared to the control (C) ( Table 4 ). Bacteroides is generally considered an opportunistic genus involved in a great number of intestinal diseases. The presence of this genus has been used as a marker of bacterial dysbiosis once it includes a great number of undesirable species. In this context, the lower counts in the PBY group indicates that the prebiotic might have exerted antagonism towards Bacteroides spp., probably by selectively stimulating microorganisms whose metabolites were able to antagonize selected species of the genus. sult of the presence of the microbial end products. In the present study, there was no significant difference (P > 0.05) in the counts of the different microbial groups studied. Montesi et al. [40] found an increase in the bifidobacteria population, but not in lactobacilli in the caecum of the animals supplemented with 5.7% FOS, and a decrease in the Bacteroides and Clostridium population. Populations within the same range have been found in other studies [41] [42] [43] . In a Spanish study [41] with non constipated Wistar rats that received 2g FOS/day, the authors detected pH values significantly lower than that of the control group, as well as a significant increase in the populations of Lactobacillus and Bifidobacterium in the caeca of animals treated with FOS. This increase was previously described in studies both in vitro and in vivo [42] [43] evaluating different fructans. These two bacterial groups belong to the group of lactic acid producing bacteria (LAB), capable of acidifying the environment, which inhibits the growth of pathogens [41] . In another study [44] it was detected an increase of the bifidobacteria population in the animals supplemented with FOS (60 g/kg diet) but followed by decrease in the Clostridium count, when considering the control group.
The colon carries high microbial diversity in a complex environment and the ability of microbial strains to compete and thrive for substrate fermentation is crucial in determining their dominance over other populations. Bifidobacteria are a classic example of this ability to grow and to increase in numbers when a prebiotic becomes available as a substrate for fermentation [12] [45] [46] . In the present work, increase in lactobacilli and bifidobacteria was not detected in any group treatment (P > 0.05) probably because the counts were already high. Differences, however, were found in total faecal pH between the PBY group and control (C). Lobo et al. [12] found no difference in the values of this variable in the caecum of rats supplemented with yacon meal. The established pH is considered to be an indirect contribution of SCFA produced from fructan fermentation and other fermentable carbohydrates by bacteria in this segment of the intestine [47] [48].
Higher concentration of butyrate was produced by the PBY group when compared to C and CC groups (P < 0.05). These differences were 1, 9 and 7 times higher, respectively. Albeit not significant, PBYC produced 5 times more butyrate than the constipated control (CC). The butyrate findings in this work (Table 2 ). In the same group, the caecal weight of the animals was lower (P < 0.05) than that of the control group, not constipated (C). Similar results were detected by Hsu et al. [48] and Rodrigues [22] in rats supplemented with FOS. The protection of the PBYC group is also corroborated by the higher, width and depth of the intestinal epithelial cells (Table 5) found in the PBYC group when compared to the control (C). This result is outstanding once it shows that fructooligosaccharides were able to keep the intestinal morphology preserved in the group with induced constipation.
Probably, the lower transit of food components increases the period of contact of these compounds with the epithelium of the constipated animals increasing the volume of this segment. Campbell et al. [38] also reported the same effect and suggested that this increase might have been caused by SCFA (particularly butyrate), which normalizes epithelial cell proliferation. Colonocytes renovation depends on the SCFA derived from bacterial fermentation, and butyrate is responsible for providing more than 70% of the oxygen consumed by human colonic tissue. In a study by Scheppach et al. (1992) [49] human colonic biopsies were exposed to butyrate ex vivo for 4 h. It was revealed that butyrate increased the proliferation rate at 60% of the basal area of the crypt. From the current study, data from Table 5 and Table 6 show that there is an increased production of butyrate in the groups supplemented with FOS, thus causing this trophic effect on the villi. The increase in the caecum weight may also be attributed to the bacterial mass increase caused by the ingestion of the different fructans, since most bacterial fermentation in rats occur in this region [39] [50]. The rate and amount of organic acids in the colon depends on several factors, such as the type of substrate for fermentation, microbiota composition, rate of absorption and intestinal transit time [44] . Butyrate is mainly carried out by bacteria of the Clostridium spp. genus [10] . Results shown in Table 4 , indicate that the population of this genus did not differ significantly from the control not constipated (C). The high population of Clostridium spp., Bifidobacterium spp. and Bacteroides spp might be associated with the high concentration of butyric acid production in the PBYC when CC not receiving PBY (Table 6) , where in the former the concentration was five times that produced in the latter group. In a study of inulin supplementation at a dose of 50 g/kg of body weight [44] higher concentrations of butyrate, acetate and propionate were found in a 14 day intervention. The authors reported that this increase was due to a large number of micro-producers of these acids, such as Clostridium perfringens and Bacteroides spp.
Butyrate is known to exert a trophic effect on the intestinal cells and it has been proved that SCFAs have a direct stimulation upon smooth muscles of ileum and colon Barbara et al., 2005 (9) . The authors indicated three mechanisms by which bacteria might be involved in bowel motility: 1) intestinal neu-
roendocrine factors, 2) mediators released by gut response and 3) fermentation bacterial end products. This third factor is represented by lactic acid and SCFAs, namely acetic, propionic and butytic acid. An adequate production of butyric acid stimulates wall thickness, generating a higher epithelial blood flow within the region, hence increasing intestinal motility [27] . Besides, butyric acid is preferentially used by colonic epithelial cells as source of energy in the process to renew the colonocytes. For this reason this organic acid is considered a main protector for colonic disorders.
A recent work stated that diet has the ability to alter the genetic composition and activity of the human enteric microbioma [51] . The diet induces changes to microorganism communities and hence, depending on the diet, the microbiome might maintain the individual in a state of health (eubiosis) or disease (dysbiosis). Thus, the increase in information on the effects of defined food/ingredient compounds upon the intestinal microbiota is of utmost importance in order to define staple foods/ingredients capable to modulate beneficially our microbiome in order to maintain the health and well being. PBY is a natural product high in FOS/Inulin, able to exert beneficial changes to gut associated microbial communities. In this study the animals with induced constipation were treated for 28 days with the diet containing FOS/Inulin. The direct observation of the faeces of the experimental animals indicated that a beneficial change in the intestinal environment occurred, since the PBY subjects received faecal scores similar to the control (C) animals The similar levels in ceacal pH and the lack in difference among the different treatments indicates that it is an area of high stability. The pH of the total faeces from PBYC did not differ from the control, not constipated group (C) suggesting a possible maintenance of a beneficial microbiota able to protect the intestinal colonocytes and thereby protecting the intestinal ephytelium from the damages of constipation.
Conclusion
This study presented an effect of PBY, a yacon (Smallanthus sonchifolius) based product, on modulating positively constipation in rats by changing faecal score and increasing faecal moisture of the treated animals. PBY promoted a higher production of butyrate, decreased Bacteroides spp counts, and increased width, height and crypt depth in caecum of the animals treated with the product. Despite the proven benefits, further studies are necessary to define the relation between the physiological changes observed and the intestinal microbiome, in order to outline mechanistically the traits involved in the observed benefits. Furthermore, before the clearing of the product for human consumption, there is a need for well conducted human trials. Food and Nutrition Sciences of Minas Gerais-FAPEMIG.
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